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Abstract

In this paper, we investigate the stochastic SIR model driven by G-Brownian motion. We show that
it has a unique global positive solution. In addition, the asymptotic behavior of the model solution
to the disease-free equilibrium point and the epidemic equilibrium point under certain conditions
is studied.
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1. 518
SIR (L YYRIE BRI AE IS AR TS T AR H FE RIS, BT 55— B[R] pA e PN o R e A i 1 8
WS HA TP SIR BAIR & E 1927 FHEH 1) Kermack-McKendrick f%4[1]. H % 1979 4F,
LA B Anderson and May [2) S # Al A ke K . A B R AR SIR AR 2 X 1
S(t)= A=BS(t)1(t)-usS(t),
[(t)=BS(t)1(t)—(u+e+y)I(t), (1.1)
R(t)=yI(t)- uR(t),
Hof, S(t) REZEEMNEE, (1) BOZEEMAEE, R(t) 2CEREMAR. A5 ZIERENE
MIRTEEME, RBEAE G I B ARSE T 3 A S A o o T2 AHE | (t) B2 BB FE T 30E

&5 By IRERBAIE RECR B R E 2. W R, =ﬁ <1, NBLR(LIFFLE
u(u

~4ﬁﬁw%ﬁ5f{%a@om%RV4,Mﬁﬁe¢ﬁﬁw@ﬁ

E*:[,u+e+)/ A u Ay _l]
B ute+y Bu(u+e+y) B
SR, FESERRH, A BRI AN T G 52 BUIPRBEE A T, Jiang [3]AF A AL TR (L. 1)E %

PPN IOBER o A R p ) (g 7 T B 1 A4 oK BB ] IR S T S HE SR R AT R T, OF HL

T LA R SR, BRI R
dS (t)=(A—BS(t)I(t)—-uS(t))dt+c,S(t)d(B,B,) +0,S(t)dB,(t),
di(t)=(BS(t)1(t)—(u+e+y)1(t))dt+c,] (t)d(B,,B,), +o,I (t)dB, (1), 1.2)
dR(t)=(»1(t)—uR(t))dt+c,Rd(B;, B;) +0c;RdB, (t),

—
~—
Il
—_—

ﬂ*&%%%mﬁﬁj%Gﬁ%@ﬂ,EM%%E%%EN@&ﬁfDJﬂ&BO%%%ZW%Gﬁ

BAIZ B O AR RIS, 0,,0,,0, > 0 & G-1i BAIZ BT R AR B8 .
2. F&EHA

BV, BAT R T Y 2 e 1 AR A R R, L A 4B S 2 TT A% 4] [5] [6]. 4
SRR ARV M R T AL T LA 7]
2.1 REMHEN—EEXNETS

N 21 QR ABERES, IR SULE Q ST B R LA 173 Fw AL T % %
Ce H IR : #HXeH, M|X|eH. WaHBIAR A “BENAR" FZA. WH7EXA 20 EFK
MR B~ AMEERE: HoR. XY eH, L FIER:
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(1) A E[X]ZE[Y] , XY

() RREHM: E[c]=cvceR;

(3) KAMtE: E[X +Y]<E[X]+E[Y]:

(4) EEFKE: E[AX]=2E[X],VA1>0;

=T (QH,E) R N EI A ], X e H BN (QUH) BRI — RIS & . 34T MR
Y =(Y,Yy ) Y eH R (QH) ER—A d-4ERENLIA & .

IAETA B RS —ANBENLAR B2 8 KO EH X, e H,i=1-.d, T

P(Xp Xy ) eH, Vel (RY)

KHEC,,, (RY)RFER® LFTHH S Lipschitz 48 ) bk B2H BT 22 0] o

REX 2.2 A m-AEREHLIAEY = (Y, Y, ) FRESLF 55— A n-dEBELIAE X = (X, X)) » WERXSEE
—MpeCyp (R” XR"‘) )

B[o(%)]=B[E[p(xY)],]

2 X R X JRTE AL IR IR0 (O, By ) o (Q, My B, ) LA n-AEBEHLIR R . HeA IR e

RSN, 19X, =X, EXESpeC, , (R)HA
B [o(X)]=B, [o(X,)]

X, X RFAME (QH,E) R n-4ERENLI R, W X 5 X 40 9 HANLF X, R X2 X
LN

X 2.3 (G-IERAR) — MERLNMEZ 0 (Q,H,E) B d-4EREHLIE X = (X, Xy ) BN G-1EZ 5
fii, #EXEAa,b>0 FATH

aX +bX —+/a? +b7 X

Horpr X2 X 1ARar % .

BUERA TS 1 — A G-IES /A BEHLIA & X B — MR v 5 .

SI1HE 2.0 X 2 —A d-EIEABEALR S, ) X 95041 R 5% -

u(t,x)= E[¢(x+\/fx )J $€Cy (Rd )
u(t,x) @ XAE[0,00]x RY 21T G-H Iy LM — K ML AR [8]
{atu—G(Dzu)=o,
u(0,x)=g(x),

Horp D?u & u ) Hessian 4[5, G:S(d)— R & SUN:

(.1.1)

G(A):=EB(AX,X)}, Aes(d),

S(d) R/ dxd XFRHFEAR . AR T, G(a):%(_zof—gza’), aecR, Hh,

& =E[X*],o* =-E[-X"]

X 2.4 (GATHIERN)— MERGHENIE 2 (Q, H,B) L0 d-EBbLI A2 (B, ), i G- iz,
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(i) By(w)=0;

(i) *H&t,s>0, B, —B B 2[5 H B, —B MLT (BB, B, ), & neN,
0£t1£~-£tn£t;

(i) tim B[ |8, |t =

AN, W E[B]=E[-B]=0, M(B,), FA—AXFH G-HiEEH,

t>0

I GRS T RRR G-A1 B iE Bl ) %

51822 4(B,),, & */\f(ﬁ”\’lﬁﬁﬁﬂélllﬂ(Q,H,]E)J:E‘JR" B XTFR G-AiRIIE S M — A E
[ ¢ € Cypp (RY) BBLU(t,X) =B o(x+B,)], (t,x) €[0,00) x RY & T 5141535 2 i B

u(t,x):=E[@(x+B)], (t,x) €[0,00) xR
XH
G(A)=2B[(AB, B)], A<S(d)
FEBIH, B A G-IEAAFEL B =iB, .
513 2.3 1% (B,),, W& LAERE IR A 0] (Q, 1, B) L — AN RR i — e iz ah, )

%N (ofe)

t>0

Hrh 5 =E[X?],¢® =-E[-X?].
2.2. G-BEHLFR ST

HTeR,, —AN[0T] MRSz 2—MEFHERMFEL =t EH0=t)<t, <<ty =T,
A p>12REER, & X

NORS 1eLG( )Jl<t j=12- N,t0=0,tN=T,N21}
o, Lé(ﬁ)=e‘€Lé(ft)iE(|§|p)<0°° *F = 25.( My (D EME(QT), &

= I 77t dt— ZE(;)(H )
W B, :ME°(0,T) > R AR M, A4 p=1, ME(0,T)idAMEC(0,T) g5 &AL 1]
1 Yo
B 1o o) = (I Wqu .
A7 eME®(0,T) A FIE:
n(@)= 25 @), (1),
j=0
5E s
()= [ n(s)om: =35, (85, - )
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WA 1 iME0(0,T) b L (F ) TTHEESEHLE 1 :ME (0T L ()« X4 neMS(0,T), G-Bikl
o€ R

f (s)dB2 =1 () (22.1)
2.3. -SRI IR EEDTE
SRS MO(0,T ) i L () I F s
Qur ()= [ n(s)a(8), = T & ((8),  ~(e), |
T Qyy ATHEME—FESEFIME (0,T), FRAIYRRID I g
[ n(s)d(B*) =Qur (7). 7eME(O,T).
PR 2.1 XA e ME(0,T), BATH
EUOT mdBﬁ] 0 2.22)

T 2 t
E{( [} ntdBf‘) }SO':&TE[ jonqu (2.2.3)
B, (B),, A o4l G BbEE) . HEAN A Eae RS, BATE B =(a,B) . W(B,),,
Y G, -Ai BB , G“—2<a a’-o’ ;a ), EEPUZT:ZG(aaT), afaT:—ZG(—aaT)o
La=(a,a,) » a=(d,8,) RAEMFEAER LR, B R BT (U EZTRE L
a a . 1 a a a a
(B.8), = ((B7+87) - (B*-87) ).
24. XTFREZBENRS
AT ME (0T ) s L (F ) T F s
T a & a a
Qr ()= J, n(s)d(B%), = 2. ((B ) (B >t)
M Qqy T LAME—HUAE S M2 (0,T) BATBAATCIR A sy
IOTU(S)d<Ba>S=Qo,T (1), neMg(0,T)
EH 2.1 (Gito AR)% e’ B, 7" eMI(0T), v=1--,n, i j=1-d 2HHMHEIHFHHE
X! = X3+ alds+ i [;nd(B',BY) +ij;ﬂ;jd|3;'
ij=1 j=1
HH XY v=loon B HH ¢ec2(Rn)%—Mﬁgﬁ@ﬁ%ﬂ%ﬁﬁﬁﬁ%a;,xvqs;,vﬂ%—ﬁz

Lipschitz JEZE, ABAXEEMte[0T], £ LG (F)

d

§(X)-9(%)=32[12,0(X,) 0B + [0, 6(X, )

=1 j=1

L3 S x ) ple 8,

uv=li,j=1

<

(2.4.1)
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VER: 1E Gao [9]%, 1Z%E LIS 5 — 1L,
MF 22 4neMZ(0T), N

E[U:mdaf}:E[ﬂnﬁKB%}
MR 2.3 X5 neMg (0,T),
B[JQus (7)< 58| [ Infat
2.5. BLUARSHTERR

P &—/AMEQ ) Wiener MIEE. 1d Aj, TE[0,+oo] B A I -{H 141 F,t > 03& M B2 4L IR 4 A B
QJMEA&%EW%@%ﬁ:GMQSUﬂW%%EQeFﬁﬁﬁuooé%%ﬁﬁﬁ@mwzo
£ Wiener JUJE P R K— DA

5EX 2.5 (Choquet 22 ) BATIC P =P, :0 e Ay, H Hiz L C(A)= sup P,(A),AcB(Q), WP &M

ﬁeAgm
JEH C(-) &/ Choquet A .

SEN 2.6 (MLR)ES AFRN polar £, #5C(A)=0. MHE—AMEFRE A LilL, MARATEA

3. XELE®
PRI BATTE TR L LR
31. 2RIEMNFEME—E

SERE 3.1 XMERLEYIE (S(0),1(0),R(0)) e RY , HAI(L2)FAAE—DME—E(S(),1(t),R(t))» t=0,
JEEXFTA 120, ERARIMLIAQS.)ER.

TE: PR 75 RRI RBUR R4 7 LS00, XHE A 91 (S (0),1(0),R(0)) e R? it e[0,7,)
AEAE AN AR (S (1), 1 (1), R (1)) » IKH 7, & /MEEREIN . A TIERIRRE &R0, B T e o]
7, =0 s PG BAHEDS(8) 1 (t) 72 e i i BRI TR 5 1l . &k, >0 Fosr Acfts

S(O)e{ki,ko}ﬂlI(O)e{ki,ko}ﬁlﬂﬂ‘ﬁijo Rk 2 Ky s 5 S

0 0

o, —inf {t c[0.%,):5(t) e(%,kjﬁl (t) e(%kj} (3.11)
PSS AR inf @ =0 AR, 5, JEHERT K —>co M. 1, —lim s, FibLr, <,

S0 Wiz, =00 qS AL, Mz, =0 qsAI(S(t),1(t))eR: qsxt>0HAL, HANED, N T 7ERUENER
MIATE 7, =00 qs.. FENEHRIEE, 7, =0 qs AWML, AFALAEHHET >0 f e (0,1) £13:

Clr,<T}>¢
RIEAFAE— D BEH K, > K, 45
Clr <T}zexf—Hlk >k L. (3.1.2)

B2 R ORFRATH A FH 22 MK 5 % (Lyapunov) 0 B 5%, BATTE LA C2 -V i R2 > R, R
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V(S,I)z(S—a—alogngr(l—1—Iog|) (3.1.3)

XH ak—MEFEE, WEaatie L. ZARBIEEFERT DUl an N A
u-1-logu>0, %fu>0Jksr
MAEL k=>ky, T>0REER, N It6 A, FAEH:
V(S(t).1(1)

~V(5(0),1 (0))+ﬁ(1—$j018(s)dBl(s)+.[;(l—ijazl (s)dB, (s)

I(s)
t 1
+[)|1- J (A=BS(s)1(s )—,uS(s))ds+.[0[1—m c,1(s)d(B,,B,),
%532( (8.8, + 5 e i ()a(B. 81,

=f0 A+ay+,u+g+7)—(y+,8)s(s)—%{aﬁ—(;wgﬂ/)]I(s)ds

+[.0y(S(s)-a)dB, (s)+ [, o, (1(5)-1)dB, (s)+V (S(0),1(0))

+J';cls(s)—acl+%cfad(Bl,Bl)s+.[;czl(s)—cz+%c§d(Bz,Bz)S
iﬁ?%a=%1§?%‘[aﬂ—(,u+e+y)]l =0, %K= A+au+es+u+y N

v(sm (1)
<V(8(0).1(0)) +Kt+f01 (s)-a)dB,(s)+ [ o (1(5) ~1)B, (s)
+[;65(s)- a0, +Zfad(B,B,), + ;e (5) ¢, + 5 cid(B,.B,),
BV o, AT AREt, FFHHILE G-
E[V(S(TkAT),|(TkAT))]

<V (5(0).1(0))+B| [} 3 (5) -6+ Sefad (8, ),
o8] [ 6 (5)-c,+ 2ci0(8, 8,). [+ BK (5, AT)]
<V (5(0).1(0) +5| (a0 +3eta (@), |8 (e, 038 )
+B[ [Tals (o)1, d(8.B), [+B[ [ e[ ()
SV(S(O),I(O))+;12(acl+%cfa)T+a_22(02+%jT+KT

+;12EDOT G |S(s)|1, ds} +a_22EUOT ¢, |1 (s)|1,, ds} =C+KT

1,d(B,.B,), |+ KT
(3.1.4)

XH,
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C=V(5(0).1(0))+ o B[ [ &[s (s)|1, ds |+ &, B[ [T a1 (5, 05
ko (s L)oo 2]
2 2
4Q =7 <TJFHHEL2) C(Q)2e. EBHMEN Q. S(r,0)TH (7, 0) ELET K
¥ % BV (S (7, 0),1 (1, @) B&ATF LU F 34

R
N
48

k—l—IongJZ%%—lHogk
i (3.1.4)15:
C+KT 2E[1, V (S(z). 1 (z))]
:quEP[leV(S(Tk), ()]
> ¢[k-1-log k]/\[%—lﬂogk}
J‘XE 1Qk iEéQk E‘J%Té]%]ﬁ’ é'\ k—>ow, ﬁ'ﬂ‘]ﬁ
0>C+KT =

SCRERRAE LY T 8, R0 1, = o0, BRI S (t) A 1 (t) 752 FEAT BRI ] AT .5 5340 R(t) TR A

R(t)—e U E ) {R<o)+L§ ¢ (5)as
. (3.1.5)
+LIcge”“z"<33'33>s“’383“>d<Bg,ng

PR AR (1. 2) PR g e — I A O
32. REBXT A& RAEITA

AT T M A — e T 4 E, :[%,o,oj HuER = AN 1w

p(p+e+y)
TRAREEN . R T RO S, ROTRA LSS E, , HRRATAT LA TR E, M
EEIEAT N
S 32 R ——LD 1 EE AR

u(p+e+y)

—2 —2 1—o2
2u>4c,0, +20, of +EO'12 0,0, +C,0%U

—2 —2 —2 —2
2(u+e+y)>2c0, +2C,0, +C,05 +0, 05, U>Cy0,

%45 5E I (S (0),1(0),R(0)) e RS, BEAL(L.2)HIfRA LA T L
. 1 t A ? 2
I"p_iUpr[Io(s(s)_;j +1(s) +R(S)}ds
AP — A 1 — 1 —

Y —
<(2c,0, +20 0'2)—+0 0,0,—+——0,, 0,0, +—o0, d
(C1 1 1 01 yzKl 12 01 Z#Kl 2K, 12 010, 2K, 2 Og

(3.2.1)

X H
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. —2 =2 , 1—2 2 —2
K, =min{2u—-4c,0, —20, o ~500 0,0, —C,0,,d,u—0o, d,c,,

— J— J— 1—
2(#+5+7)—2C1012 —2C20"22 -c,0% —6220'22 —Eazzdl}

ER ﬁ%?ﬁﬁl‘]f@*’l‘ﬂ%?ﬁ%u=8—%, v=l, w=R, JIRA(L2) LS i

du(t)= (—yu (t)-pu (t)v(t)—ﬁ%v(t)}dt +0o, [u (t)+%)dBl (t)+c, (u (t)+%jd(81, B,), .

dv(t) :{ﬁu (t)v(t)—(,u+g+7—/5'%Jv(t)}dt+o-2V(t)dBZ (t)+cv(t)d(B,.B,),,

dw(t) =(yv(t)— uw(t))dt+o,w(t)dB, (t)+c,w(t)d(B,,B,),,

JHHueR, v>0, w>0. EX—NEH: V(uv,w)=(u+v) +dv+d,w
KR, d - ANEEHEMES T E S, V&M IEEREH ito A3

V (u,v,w) =V (u (O),v(O),w(O))+f; LVds +J'; 20, (u (s)+Aj(u (s)+v(s))dB,(s)

7]
+[ 0, (2u(s)+2v(s)+d,)v(s)dB, (s)+ [} d,opw(s)dB; (s)
+[;(2u(s)+2v(s)+d, e,y (s) + o2v(s)" d (B, B,),

+fne e uoeta, ),
Hr:

LV =2(u+V)[—puu—(u+e+y)v]+d, {ﬂuv—(g+e+y—ﬂ£jv}+dz(yv—yw)
r

=—2uu’ —=2(u+e+y)V? —dzyw+[dlﬁ—2(2y+g+7)}uv+{d2y—dlﬂA[Ri—lﬂv
7

0

SR G AT SR Ml PR 2.1 FIFEARA 15
0<EV (u,v,w)<EV (u(0),v(0),w(0))
+ EI;(401;12 + 2;12012 —2u +%O'_1220'102 + Czazzju2

— — — 1—
-{2010'12 +2C20'22 +C,05 +0'22022 —2(,u+8+7/)+5022d1}vz

+[dlﬁ—2(2,u+g+7)]uv+{dzy—dlﬁé[%—lﬂv+(azdzc3—dzu)wds
H\ Ry
—2 _—2 ,\A*, — A, 1— 1—
+(2C1612 -1-20'120'12)—2t+0'12 0,0, —t+—61220'10'2t+—0'22d1t
H u o2 2

2(2
AR d, (8579 0,5~ 2(2u+ o+ 7) = 0 B d, = 2PHEFT) s g JREIR, <1, SATATBLIE
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) A1
Prd, >0 {7 dzy—dlﬂ;(R——lJ:O . Mld, =

0

2A(1— RO)(Z,u+5+7)

o RIHFRATIAS 2:
HyR,

0<EV (u,v,w)<EV (u(0),v(0),w(0))

R J— 1_
+Il<1_|';(4clo-l2 +20, o7 —2y+50'1220'10'2 +cza§]u2

—2 —2 —2 1—2
“{2(710'1 +2¢,0, +C,0; +0, 0'22—2(,u+g+7/)+50'2 dl}v2

— L, 2
+(0'32d2C3 —dz,u)WdS +(2c1gl2 4 2012012 )%t
—2 _

l —_
+0y, 0,0,—t+ 501 2O'lo'zt + 502 2dlt
H

R T
EL;(ZIU_A'C&EZ _2;120'12 _%U_lzzo'lo'z —CZO'ZZJUZ +(d2,u—;32d203)w
—2 —2 , —2 , 1—2 2
+|2(u+e+y)-2c0, —2¢,0, —C,0, -0, 0, —50 d, |v°ds
— —_— 2 —
<EV (u(O),v(O),W(O))Jr(zchlz +2012012)A_2t+012 o0, Mt
H 7
1—2 1—2
+EO'12 0'10'2t+50'2 d;t
PRl -

IimsupEE'[;(Zy—%l;lz ~20, o? —%0_1220102 —czo-zzju2 +(d2y—a_32dzc3)w

t—>o t

— — — 1—
+|:2(,u+8+7)—2ClO'12 —ZCZO'ZZ —¢,07 —0'220'22 —Eo—zzdl}vzds

—2  —2 ,\A? —2 A 1— 1—
S(chol +20, o] )—2+0'12 0,0,—+=0y, 0,0,+—=0, O,
7 2 2
R4

. —2 _—2 1— —2
K, = mln{Zy—4clal -20, o; —50'1220'102 —¢,05,d,u— 05 d,C,,

— J— J— 1—
2(y+g+;/)—2C10'12 —2020'22 ~C,07 —0'220'22 —Eazzdl}

)
1 AY
t
limsup~E| [ | S(s)-= +1(s)* +R(s) |ds
t—>o t 0 /.l
O

—2 =2 , A2 — A 1 — 1 —

S(ZClUl +20'l o, )#2_|(1+612 0'162—1+2—K10'12 0,0, +?10'2 dl
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3.3 BABXTHBRHIEROMLITA
BAEFRA M Ry > 1, FRATAEH T 1 VAR AT P 18 s

[””*7 4 Ay J,%ﬁ&ﬁﬂ@a¢%$ﬁﬁﬁﬁﬁ%ﬁ,@%ﬁMﬂu
B u+e+y B u(u+e+y) B
V900 5 LR A i A S, RIS A T 8 SR A
33 WHR ——PN o1, AR
u(u+e+y)
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